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Abstract 
Coordinated control of multiple microsources in microgrid is one of the technical difficulties. In this paper the 
structure of microgrid is introduced; the three types of microsource control are presented in detail; isolated microgrid 
control strategy and connected microgrid control strategy are both introduced; the conditions of islanding and 
connecting of microgrid and the seamless transfer strategy are overall expounded. 
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1. Introduction 
Distributed generation system, DGS, nowadays becomes an effective way to reduce environmental 
pollution, to address the shortcomings of long-distance transmission, to provide uninterruptible power, to 
meet the short-term peak load and to improve equipment utilization. However, large-scale of DGS has 
some negative effects, such as the high cost of single generation access, and will make it more complicate 
to control. From the grid point, DGS must shut down when it has impact on the system voltage and 
frequency. In addition, when there are events on the system, DGS has to get off the system immediately, 
which weakened the advantages and potential of DGS. In order to coordinate the contradiction between 
the system and DGS, there comes a concept of microgrid. 
The Consortium for Electric Reliability Technology Solutions, CERTS, has published a White Book to 
do a detailed exposition of microgrid. CERTS defines microgrid as an aggregation of loads and 
microsource providing both power and heat. It operates as a single system which could separate or island 
from the bulk power system if problems arise on the grid, and reconnects to the grid once they are 
resolved. The basic units of microgrid include microsource, storage, energy control and load. The   
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microsources must be power electronic based to provide the required flexibility and reliability.  
In this paper, microgrid control methods and control strategies are expounded. Microsource control, 
isolated microgrid control, connected microgrid control and seamless transfer control are discussed below. 
2. Structure of Microgrid 
The basic structure of microgrid CERTS proposed is showed in Fig. 1. Microgrid  presents  itself  to  
the  bulk power  system  as  a  single  controlled  unit, connecting the grid with the Point of Common 
Coupling (PCC). DG in microgrid can be various forms of energy, i.e. renewable energy as wind power 
and PV cell, and non-renewable energy as microturbine power. Combined Cooling Heating and Power 
(CCHP) can also provide refrigeration or heating to load. It improves the efficiency of multi-level of 
energy utilization. 
Microgrid in Fig.1 is radial with three feeders – A, B, and C. PCC is on the primary side of the 
transformer and defines the separation between the grid and the microgrid.  This interface requirement 
(usually static switch) is to insure the seamless transfer to the island operation or to the grid-connection 
mode. Feeder A and B in this structure contain sensitive loads (important loads) and multiple DG while 
feeder C with traditional loads contains no DG. Feeder B also contains a CHP providing DG, which 
supply both heat and power to the load. Microgrid can island from the grid and with DGS to satisfy the 
load when there are disturbances on the grid. The traditional loads on feeder C are left to ride through the 
disturbance by disconnecting SD if there is not enough local generation to meet the demands. PCC and 
SD will reconnect after disturbances dismiss to make the system go back to the operation state before 
islanding smoothly. 
 
Fig. 1. Basic structure of microgrid 
3. Control Methods for Microgrid 
From the view of the bulk grid system, microgrid is an aggregation unit as a generation or load. On the 
other hand, microgrid is a power system operates autonomously, supplying reliable and high quality 
electric power from the view of customer side. Therefore, a good performance microgrid control and 
management system is needed. 
The purposes of microgrid control are as follows: 
• New microsources can be added to the system without modification of existing equipment. 
• The microgrid can choose operation point autonomously. 
• The microgrid can connect to or isolate itself from the    grid in a rapid and seamless fashion. 
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• Reactive and active power can be independently controlled. 
• Voltage sag and system imbalances can be corrected. 
• The microgrid can meet the grid’s load dynamics requirements. 
3.1. DG interface inverter system  
There are two basic classes of microsources: DC sources, such as fuel cells, photovoltaic cells and 
battery storage; and AC sources such as  microturbines, which need to be rectified. In both cases, the DC 
voltage that is produced is converted using a voltage source inverter. Fig. 2 is the DC DG interface 
inverter system, and Fig. 3 is the AC DG interface back-to-back inverter system. 
                  
Fig. 2. DC DG interface inverter system                              Fig. 3. AC DG interface inverter system 
Different from the generation connecting directly with the grid, the output voltage and current 
frequency of DG interface inverter system is determined by inverter control strategy, and the voltage 
amplitude is joint determined by capacitor voltage amplitude of DC side and inverter control strategy. 
Another important difference is that the storage energy of capacitor is far less than the rotation storage 
energy of rotate shaft.  It means there should be storage equipment in microgrid as little inertia. Therefore, 
choosing the reasonable control strategy is of great importance to the normal operation of DG with 
inverter interface. 
3.2. DG interface inverter control 
3.2.1. PQ Control 
The purpose of PQ control is to insure the output active power and reactive power of DG always equal 
to their reference power. It needs DG or grid to maintain the voltage and frequency. Fig. 4 illustrates the 
frequency and voltage droop characteristic of PQ control theory. 
      
(a)                                               (b) 
Fig. 4. The theory of PQ control: (a) frequency droop characteristic and (b) voltage droop characteristic 
3.2.2. Droop Control 
Droop control is similar to primary frequency regulation of traditional power system. Droop control 
can respond effectively without communication with other DGs because of the principle that DG output 
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active power and frequency is linear relationship while reactive power voltage amplitude is linear 
relationship. However, droop control is deviating regulation which cannot recovery microgrid frequency 
back to original level. And there could be certain impact on microgrid equipment when reconnection. Fig. 
5 illustrates the frequency droop characteristic of droop and voltage control theory. 
       
   (a)                                      (b) 
Fig. 5. The theory of droop control: (a) frequency droop characteristic and (b) voltage droop characteristic 
3.2.3. V/f Control 
V/f control is similar to secondary frequency regulation of traditional power system. The purpose of 
V/f control is to insure the constant of both DG output voltage amplitude and frequency. The theory of 
V/f control is to transversely adjust the droop curve itself, as in Fig. 6. 
        
   (a)                                     (b) 
Fig. 6. The theory of V/f control:  (a) frequency droop characteristic and (b)  voltage droop characteristic 
3.3. Microgrid islanding control 
3.3.1. Peer-to-Peer Strategy 
Peer-to-peer strategy means every DS has the same status in microgrid. It enables microgrid to “plug 
and play”. “Plug and play” means that microsources can be added to the microgrid without changes to the 
control and protection of units that are already part of the system. Peer-to-peer strategy results that each 
microsource controller must be able to respond effectively to system changes without requiring data from 
other sources or locations. This improves microgrid reliability and reduces system cost. 
Peer-to-peer strategy can be implemented by droop control which requires all microsources exhibit 
basically identical external characteristic to coordinated control the entire microgrid system. There are 
two control methods based on the droop control, f-P/Q-V droop control and P-f/V-Q droop control. f-
P/Q-V droop control produces reference active power and reactive power  by measured system frequency 
and DG output voltage amplitude, while P-f/V-Q droop control produces output frequency and voltage 
amplitude by measured output active power and reactive power. And P-f/V-Q control is more wide 
application than f-P/Q-V in peer-to-peer strategy. 
3.3.2. Master-Slave Strategy 
Master-slave strategy refers to that there is a master controller in microgrid while others are slave 
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controllers which obey the regulation of master controller with communication connection. When 
connected with the bulk grid system which could stable system frequency, microgrid needs no frequency 
regulation. It permits PQ control on all DGs in microgrid to insure microsources’ high efficiency and 
economy. When isolated from the bulk grid system, the master controller in microgrid should take the 
responsibility of maintain system frequency, voltage and also power balance separately by V/f control and 
regulation its own output.  
If the master controller uses V/f control in mater-slave strategy, it could be classified as single master 
control and multi-master control. Single master control has only one large-capacity microsource as master 
controller microsource to avoid multiple V/f controlled microsource confusion. When there’s a reasonable 
step control scheme which next step master control microsource takes V/f control continuously while the 
previous step master control microsource’s output gets the upper limit and transfers to PQ control, multi-
master control could have multiple master controllers. 
As master DG in the master-slave strategy is equivalent to infinite bus satisfying changing load 
demand of entire microgrid, it absorbs rest power when load demand is less than generation, and provides 
more power when load demand is more than generation. Only enough large-capacity storage equipment 
or DG with enough storage equipment can be the master controller because DG of this control strategy 
must satisfies the changing demand of load. In addition, especially for multi-master control mode, it 
requires high on the communication connection of master unit and slave unit. 
3.4. Microgrid connecting control 
From the prospective of microgrid, when connecting with the grid, microsource maintaining high level 
of output can make high efficiency. Therefore, microsources can be all set PQ control strategy when 
connecting with the grid. When microgrid isolated from the grid, master microsource transfers from PQ 
control to V/f control to provide frequency and voltage support to microgrid, while other microsources 
are still PQ controlled. The regulation of this control strategy can only involve microsource’s output 
power, but not the transfer power between microgrid and the bulk grid. It leaves the grid to undertake the 
unbalance power in microgrid while connection. 
From the prospective of the grid, microgrid would be better acting as a constant load to reduce the 
difficulty of control. Constant transfer power control can be adopted at this situation. The purpose of 
constant transfer power control is to make the absorption power P and Q from the grid to microgrid 
(feeder flow) constant. When there’s unplanned islanding, all microsources in microgrid turns to droop 
control, sharing load based on their droop characteristic and providing voltage and frequency support for 
microgrid. 
3.5. Seamless transfer of microgrid 
3.5.1. Conditions of microgrid islanding and connecting  
When mentioned planned islanding microgrid from the bulk grid, it means first reduce the transfer 
power between the grid and microgrid to zero, and then disconnect PCC. When there’s a fault on the grid 
or in microgrid, or PCC bus voltage or system frequency is out of the connecting operation standard, 
microgrid isolate itself autonomy. That is unplanned islanding progress. 
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Fig. 7. Voltage protection logic flow chart 
This paper take Capstone Company’s microturbine and IEEE 1547 as reference, the islanding standard 
can be two sets of voltage limitations with separate islanding time limit, one is overvoltage limit, and the 
other is short duration voltage limit. Fig. 7 illustrates the control logic flow chart. 
The over limited voltage protection logic module sends trip direction to the breaker to island microgrid 
when detecting any phase of PCC bus voltage out of the standard. When voltage recoveries to setting 
range and maintains for more than 1 second, it is considered that the grid fault has been eliminated. The 
logic module could send closing direction to recover the microgrid to the control mode before islanding. 
3.5.2. Seamless transfer control 
Seamless transfer is the key technology to guarantee the smooth transition of microgrid between 
islanding and connecting operation mode. The bulk grid state, microgrid operation mode and directions 
determine jointly the trigger control of anti-parallel thyristors (SCR). And every master controlled DG 
transfer its control strategy mode is necessary. There are different combination of DG control strategy and 
SCR trigger control as in Table 1. 
Table 1. Different combination of DG control strategy and SCR trigger control 
Operating mode and instruction Grid state Control strategy mode SCR trigger control 
1(Connection) 1(Normal) 1(PV,PQ mode) High level 
1(Connection) 0(Fault) 0(Droop mode) Low level 
0(Isolation) 0(Fault) 0(Droop mode) Low level 
0(Isolation) 1(Normal) 0(Droop mode) Low level 
 
Based on the different combinations of SCR trigger control, control logic strategy of microgrid 
seamless transfer technology is presented as Fig. 8. 
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Fig. 8. Control strategy for microgrid seamless transfer 
To avoid connecting large current impulse misleading overvoltage protection, adjusting the interface 
bus voltage slowly to synchronize with the bulk voltage is necessary.  
4. Conclusion 
In this paper a survey on microgrid control strategy is discussed, including control of microsources, 
isolated microgrid, grid-connected microgrid, and seamless transfer between two operation modes.  
The research direction of microgrid control system could focus on subjects bellow: 
• The operation and control of different DG systems including intermittent, controllable, traditional 
and converter mode DG. 
• The feasibility research on microgrid’s smart frequency and voltage control strategy in both the 
mode of isolated and grid-connected. 
• The coordination optimized algorithm of decentralized control methods and multi-decentralized 
controller requires that every DG regulates its voltage and frequency autonomously by its partial 
information concerned, and optimizes multiple decentralized controllers’ characteristic based on certain 
objective function to optimize the total system characteristic. 
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